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Aqueous suspensions of elclasonlde for nebullsatlon 
fiAlrfQfthfl Invention 



This invention relates to a method for the preparation of sterile aqueous suspensions of cidesonide by 
sterilization with moist heat The invention furUier relates to pharmaceutic^ compositions in particular to 
aqueous suspensions of cioiesonicie for administration by nebuiization in the prophylaxis and/or treat- 
ment of respiratory diseases. 

US 5482934 discloses pregna-l,4-d(en&^,20Ki[one-l6-l 7-acetal-21 esters and ttidr use in the treat- 
ment of inflammatory conditions. The compounds have the general structure: 



>Atierein R1 is 2-propy|, l-buty1, 2-butyi, oyclohexyl or phenyl: and R2 is acetyl or isobutanoyL Cideson- 
ide is the INN for a compound of fbnnula I in v^tch R1 is cyclohexyl and R2 Is isobutanoyi wRh the 
chemical name I1ip,16a(R)l-16,17-[(Cyclohexylmethylen)bis(o^^^^ 
^}pregna-1 .4-dien-3,20-<iiQn. 

This compound has undergone evaluation as an antiasthmatic and pharmacoldnetio studies show mat it 
will be useful in an inhaler fbrmuldtton. Ciclesonide is only moderately absorbed after oral adminlstratk>n 
and has low systemic activity. Concentration of the drug in the lungs is high and metabolism by liver 
oxidases is very high, giving the drug a low plasma hatf^ife. Systemic activity of ciclesonide is three 
times lower than that of budesonide, but anti-inflammatory activity is higher for the former. 

Suitable fbnnuiations for pressurized metered dose inhalers (lUIDIs) for inhaiab'on for ciclesonide are for 
example disclosed in US 6264923 and US 6120752. 




Formula i 
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Besides dry pov»rder inhalere (DPIs) and pressurized metered dose inhalers (MDIs) nebulizers represent 
another class of devices allowing inhalaHve drug administration. Especially in case of cblWren and eld- 
erly being not able to handle DPIs and MDIs correclly. nebulteaBon is the preferred way of drug admini- 
stration to the lungs. Thus it Is desirable to pfovWa ddesonide in fomwlatlons suitable for administra- 

-tlon by nebullzatlon. Whereas In caseofwater^luble drugs^Kjueous solutions are nebulized, Msas 

not possible in ease of viateNnsolublB drugs such as ddesonide. Consequently these dmg substances 
have to be applied in the fbmi of suspensions. In order to allow deposition within the lungs the particle 
size of the aerosol droplets after nebullzatlon needs to be in the range of approximately l-Tjim. If sus- 
pensions wHI be administered, the partfde size of the suspended drug particles is critical, since only 
particles being smaller than the aerosol droplets themselves are nebulized. For example micronized 
dnig substance with a mean partide size of 2-6|4m is suitable tbr sudt suspensions. 

Another requirement tbr suspension fbr nebulizallon Is that these suspensions have to be teoosmoUo in 
• order to avoid Irritattan of the tissue coming Into contact with the forniulaHon. 

In addition fbrmulatlons Ibr administration by nebullzatlon have to be sterile. \Whereas in case of solu- 
tions this can be achieved by stemization of the final formulation by moist heat or by filtration through a 
bacteria retentve filter, achieving sterile suspensions with a defined partide size is more diffloult Sterili- 
zation by filtration is no option when micronizfid drug substance with a mean particle size of 2-6Mm is 
used, since ttie parlicles are not able to pass the filter. 

Sterilization of the (powdered) drug substance by dry heatfonowad by preparation of the suspension 
under aseptic conditiona represents another manufecturing method. This is only possible, if the drug 
substance is stable enough to withstand the high temperature during this steririzaHon process (accord- 
ing ID European Pharmacopoeia 4.07. chapter 5. 1 .1 . a temperature of 1 SCC for at least 2h is required). 
W099/25359 describes a process fbr the sterilization of a powdered fOrni of a glucocorticosterold. 
W099/25359 discloses that the sterilizatfon process of glucocorticosteroids by dry heat can be canied 
out at a significantly lower temperature than that considered necessary for the heat sterilization of other 
substances. The drug substance is exposed to 110-l20»C1br no longer than 10h. W099C5359 further 
disdoses sterile pharmaceutical fbrmulatlons comprising a glucocortloosteroid and one or more phar- 
maceutically acceptabia additives. dUuents or canters. Examples of sudi addlthres indude surfactants. 
pH regulating agents, dielating agents, agents rendering the suspension Isoosmotic and thickening 
agents These sterile fbrmulations can be produced by mbdng the sterilized glucocorticosteroid with any 
suitable additional Ingredients. e.g. a surfSdant. pH regulating or chelating agent, an agent rendering 
the suspension isoosmotic or a thickening agent. All components other than the glucocorticosteroid. 
can be produced by. sterile filtration of their aqueous solutions. Examples4 and 5 ara related to sterile 
formulations comprising budesonide. 
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WOOO/26746 discloses a process for preparing a sterile mic«,nfeed glucocorticoste«,W (bectometha- 
sone diprcvlonate) by gamma-inadlation. 

TO prortde the sWle aqueous «Bpen*«. ho«».r»l. reed«) thaltl» «i.p.«*.n hw to b. pwamd 
tr« slaioM, Ii««crtn9 «>a a loTBe »nd H»=W niantifertuilns Pl^ 

pLlon «te«o„. I»«m ela, (Pham,. Ctaml Sd., «,2. 1974. pp. ie7.174, reco™»ad . 
«oo pioM« Ibr rt«old«BtaliilTO aqueous euepenston iw beta ra^ 

A„o«srv«ycoa,mc.n sterUl«««. process to «erNMna of phanna«u«cal«n,p«|^^ 

(«ertlize«on W moist heal). Since the autoda^s Is done by hewing usudly at 121 c. the m-hod 

Lotb.adap.edforun«ab«dn,gslnlh.p™»«««f«^-t«K*hl9hten.p|»^ 

«.HHza«=nofthellne.«-panstopto™iBllon.t»rn.«h.«th«al.sco„rtde«bte^^ 

of partW. du*9 the startHation process. Furtl-nnom dCesonlda does not se«n «. be s«te 

obenaS»r««rt hl*tenv«*u«. beoauseelelesonld. h«>«. 

tions. 

Con.men:lall,a«»ble suspe-rion fermula«=nsror9lu<»=«tl=os«««W.fbrn-«-tertlon«.* e»a^ 
isbte under the tradenames Puln«cort~ and FHxolld.". Pulmlcort" nebules contain bud»>nUe as 
drug substance. Besides the drug .ub*ane.th.«««»ion Is 

adjust osmoleBy)polyso,bato»0(«»pend»««^»-U„"B>rA(rt«l«lng agent) c*o 

cnale (bufWng agent) «td walw. ™«llda«nebiilee contain llullo«Mna praptonata. Besides me divg 

end .od*» n«nol««*. ("..pending .g«.l.). mono«dlum phosphate aihydrate and d,ba«c sodWn. 

,,^.„hyd,ou.(butfe*9a9en«and»ater.mfennu,a«onandit»P«^^^^ 

„d In VTO95rai984. On page 4 n Is stated mat bulk suspensions ace «anls«l b, <t««ns at thsm^ 

Sterilisation using steam. 

It is an Object of the present Invention to pmvide an aqueous suspeneton uontaWng clclesonlde. In par- 
ticular a sterile aqueous suspension, which is suiteble tor inhalative adminlstralion. 

■ vymenautodaving aqueous suspensions Of ddesonide for n 
Zantlnfonnulafitonsfbrnebulisatlon (such as sodium Chloride asagenttoadiustosmolal^^^ 

ging Of ciclesonlde particles is obsen«d during sterilization p«cess. making the suspension no longer 
sulteWe for InhalaBve application. 
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observed. 

Su,ectot..p^.nt,nvent.nls.eret.rea.e.oa.rprepeHn.a 
ddesonide suitable for nebulteafion comprising the steps of: 

«no?nn ddesonide. containing at least one non-ionic agent fbr ad- 

(b) autoolavlngthe^queous8uspen^onprwidedin(a). 

. ^ MK,«romDound having the chemical name iiip.16a-(l^)H6.17-l(cyclo. 
'TtXo^ilV^^^^^^ 

„«:te„,«m«»9resenlln«n«on..«pre««l*«l»™^^ 

^lMlMl<«yi>W«-1.«-<««*«'*°^ !.dclLnlde' is understood as nwanlns not only fto 
MB (tnalBth. compound. '"P'^*"'^*^^'" '^„^ g ,7j(„,c»*«,«nrthyton.)t*(<«»!h 



to1%. 



«htta«<«.efb*eadmlnls«.»nof«^M.^™M«^^ 
*|,1toBMm.P««culartyprelM«>ly2tt>4l™ Cctesoradewthsuonp. 
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micionization of cldesonlde particles with greater particle size obtained In the manufeduring piooess of 
ciclesonWe (e.g. as described in WO9a/009982) or dlrecBy by crystallization processes leading to the 
desired mean partide size. 

-The amount of-cldesonlde. or a pharmaceuHcal-acoeptable^lt..8olvate or physiologically lunctional 
derivative thereof which is requited to achieve a therapeutic effect vwll. of course, vary with the subjecl 
under treatment, and the particular disorder or disease being treated. It will further depend on the 
efficiency of the nebulizer used and the deposition of the aerosol droplets in the lung. Suitable concen- 
tieta-ons of cldesonlde within the suspension for nebulization cen be In the range of 0.005% to 0^ 
(w/v) Q.e. 0.05 mg/ml to 5mg/ml). 

Non-lonte agent for adjusting the osmolality in connection with the Invention refers to phamiaoeutically 
acceptable agent, whldi Is of non-Ionic nature and which Is customarily used to render the Pham»- 
ceudcal solufions and/or suspensions Isoosmotic with body fluids. Examples for non-lonle agents for 
adjusting the osmolalHy. which can be used In connection with the present invention, are selected from 
the group of mannBoI. glycerol, glucose, lactose, trehalose, sucrose, propylene glycol, sorbitol, xyltel. 
polyethylene glycol, ethanol. Isopropanol. cydodextrins. derivatives of cyclodextrines and mixtures 
thereof. Preferred examples are manntel. glycerol, glucose or mixtures thereof.The aim of adding an 
agent for adjusting the osmolaHty Is to provide a suspension according to the Invention, which is Iso- 
osmotic or dose to isoosmotic with body fluids, namely 290 mosmoWtg. In a preferred embodiment of 
the invention the non^onic agent for adjusting osmolaOly is present In audi an amount In the suspen- 
sion according to the invention to provide an osmolaKty of the suspension In the range of 225- 430 
mosmoVkg, preferably In the range of 250 to 350 mosmoWcg. particularly preferably in the range of 280 
to 300 mosmoVkg. As the person sklHed In the art will appredate the amount of agents needed to adjust 
the osmolality will depend on the presence of other exdplents wltiiin the fonnulatlon contributing to the 
overaU osmolali^ of the fonnulation. 

Besides cldesonlde and the non-ionic agent to adjust the osmolafity the suspension used In the proc 
according to the Invention may contain one ore more additional suitable excipients. 



ess 



Suitable exc^lents, whtah can be mentioned Indude suspending agents, agents for modifying tiie pH of 
the suspension, chelating agents and optionally presen^Bves. In this connedion it has been found that 
ionic exdplents. {e.g. Ionic buffer systems), should be avoided in ttie process according to the invention 
as tiiese can lead to Increase of partide size and dogging of ddescnide in the suspension during auto- 
claving process. In a preferred embodiment according to the Invention suitable exdpients are selected 
ttom ttie group of non-ionic exdpients. 

in anotiier embodiment ttie present Invention ther^re relates to a method for preparing a sterile aque- 
ous suspension of ddesonlde suitable for nebullzation comprising the steps of. 



EiDPfangszeit IB-Dez. 11:24 



1Z45EPORD01 2003-1202 



6 

a. providing an aqueous suspension of ciolesonlde, contafning one or more phermaceuti- 
cally acceptable exclpients, whtoh one or more excipienb are all non-ionic exclpients; 
and 

b. autodaving the aqueous suspension provided in (a). 



suspending agents are used to obtain a uniform dlstribuHon of single particles of ciclesonlde within the 
fbrmulatfon insulting In a homogenous suspension. Examples for suspending agents, which can be 
mentioned In connecBon with the Invention include polyoxyethylene soriton fatly acid esters (po(ysor- 
bates), alkyl aryl polyettier alcohols such as tyloxapol, poto«mers» poloxamlnes, poJyoxyelhylene cas- 
tor oil derivatives, phospholipids, hydro)VpropylmethylceHuIose, hydroxypropylcellulose, hydroxyethyl- 
c^lutose, methyteellulose, polyvinylpyrrolidone, polyvinylalcohol and mbctures thereof. Preterred sus- 
pending agents are potyoxyelhylene castor oil derivathfes, pdoxamers, polysorbates, lyloxapol and 
mbdures thereof. ParBoulaiy preferred suspending agents are polysorbates, e.g. polysorbate 20 (= 
polyoxyethylene 20 so*itan monolaurate), pojysorbate 80 polyoxyethylene 20 sorbitan monooleate). 
The concentrations of the suspending agents used within the fomiulation are largely depended on the 
concentration of the suspended drug substance. The suspending agent is added in an amount to 
achieve effective suspension of ddesonlde to provide a homogeneous suspension. The ratio between 
drug substance and suspending agent can usually vary from 0,0S to 50. 

If necessary, agents fbr modlftrfng the pH of the suspension can be added. Suitable examples, which 
may be mentioned are for example inorganic and organic adds selected from the group of hydrochloric 
add, phosphoric add, sulphuric ac|d» citric add. tartaric add, lactic acid and mixtures thereof. Prefera- 
bly oiganic adds are present As dclesonide Is known to be unstable under alkaline conditions the pH- 
value of the suspension should preferably be adjusted to yield neutral or slightly addle conditions. 

ChelaSng agents such as edific add or edetafe salts can be added in suitable concentrations (ag. 0.01 
- 0,1 %). They can serve as antioxidant synergists by sequestering the traces of heavy metals thereby 
Improving the chemical stablll^ of ttie dnig substance or of ttie exdplents. In addffion, they have some 
antimicrobial activi^. 

Optionally ttie formufation according to the invention might contain one or more presemratives although 
made sterile by the process according to the present invention. It is prefsnned to have a preservative 
present in the IbnnulaOons acwrding to the Invention In order to preserve the microbiological quality 
during use. This is espedally important In case of multiple dose \nals. Suitable presenratives for exam- 
ple are benzoic acid, sodium benzoate, sorbfc adds and its salts, propionic add and its salts, phenol 
and derivatives such as cresd and chlorocresoi. diiorobutanol. benzyl alcohol, phenyl ethyl alcohol, 
bufyl paraben and propyl parat^en, <^trimide, benzalkonlum chloride. 
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Preferred formulatiorts acconllng to the Inventfon oorttain the following components suspended / dis- 
solved in water for Injections: 

CIclesonide micronlffid 0.025 - 0.1% (wfv) 

Glycerol — 2.5% (w/v) 

Polysorbate 20 0.0125 - 0.05% (wAr) 

Ciclesonlde micronlzed 0.025 - 0.1 % <w/v) 
Glycerol 25% (w/v) 

Polysortate 80 0.0125 - 0.05% (w/v) 

CidesonWe micronlzed 0.025 -0.1% 
MannRol 5.0% (w/v) 

Polysorbate 20 0.0125 - 0.05% (w/v) 

Ciclesonlde micronized 0.025 - 0.1% (w/v) 
Mannltol 5.0% (w/v) 

Polysorbate BO 0.0125 - 0.05% (w/v) 

In another aspect the present Invention relates to a sterile aqueous suspension of ddesonide suitable 
tor nebulization containing one or more pharmaceutlcally acceptable exdplents, which one or more 
exdplents are all non-ionic ^eiplents. 

In a further aspect the Invention also relates to a sterile aqueous suspension of ddesonide. containing 
at least one non-Ionic agent to adjust the osmolality and optionally further pharmaceuticany acceptable 
excipients. Preferably the sterile aqueous suspension Is obtainable by a method of preparation accord- 
ing to the present Invention. In one embodiment according to the invention the sterile aqueous suspen- 
sion does not contain a preservative. 

In another aspect the invention relates to an aqueous suspension of ciclesonlde for administration by 
nebulization, wherein the concentration of ciclesonlde wllhin the suspension fbr nebulization Is in the 
range of 0.005% to 0.5% (w/v) (r.e. 0.05 mg/ml to 5n»gftnl). In a preferred embodiment the suspension 
is a sterile suspension. 

Suspensions used In the process according to the invention can be prepared by conventional methods 
for the preparation of suspension fbrmulations. in a prefen-ed embodiment of the invention the suspen- 
sions used in the process according to the Invention can be prepared by dissolving the non-Ionic agent 
for adjusting the osmolality and optionally other exdplents (e.g. suspension agent) in purified water or 
water for injections. If desired, this solution of exdplents can be Wlered (sterile filtration). Cidesonlde 
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with a suitatJe parilcle sUbb is homogenously suspended within the solution (e.g. by stirrins or by em- 
ploying a turboemulsMJer. eg Ullraturrax). The final formulafion is filled Into suitable containers 
(e.g.vials), sealed and sterilized by motet heat Alternatively the formulation can be sterilized by nf»oist 
heat as bullc and aftenwarels filled into sterile vials under aseptic conditions and sealed. Instead of glass 
vlats contalneis-prefared by a fomi-fill-seal process are also suitable.. lnAlS-case.the foimulatiQtican 
be sterilized by moist heat as bull^ and filled under aseptic conditims aftervrarda. Idling Into fonm-fill- 
seai containers and terminal steriHzafion by moist heat is also po8»*bla 

Steril'Batien by heat or autodaving In connection with the present invention refers to a method of 
stenlizing in a suitable autodaving equipment by steam witti high pressure and temperature which 
meete the alteria according to US Phannacopoeia 26, chapter 1211 "Sterilization and sterility assur- 
ance of compendial arfldes", European Pharmacopeia (Ph. Eur. 4.07. chapter 5.1.1. "Methods of 
preparation of steffle products"), or other Pharmacopoefeis. Sterile aqueous suspension in this conl^ 
refers to an aqueous suspension which meets the criteria according to US Pharmacopoeia 26 Chapter 
71 'Sterility testtf', European Pharmacopeia (Ph. Eur.4.07 chapter 2.6.1. ttStBriiliy ), or other Phar- 
macopoeias. 

In connection wllh the process according to fte Invenflon it is preferred to expose the fomwiatlon to a 
temperature above 9Q°C. preferably 120-0, particulariy preferably of at least 121 "C. In a stiil preferred 
embodiment the formulation according to the invention Is exposed to a temperature of at least 121*0 
for at least 15 min in the presence of saturated steam under pressure. Other suitable combinations of 
temperatures (e.g. temperatures below SO-C) and time may be used as well as long as they lead to a 
sterile fonnulafion as required by the standards set in ^e various pharmacopoeias. 

Further subject of the bivenGon Is a process compri^ the steps of 

(a) dissolving the non-ionic agent fat acqusting the osmolafity and optionaiiy other exdpients in wa- 
ter, 

(b) optionally filtering the solution; 

(c} homogeneously suspending ciciesonide within the solution and 
(d) autodaving the aqueous suspension provided in (c). 



(Amounts expressed In percent (%) refer to percent of weight based on the total weight of the formula- 
fion (w/V) unless stated difiiarenfiy]. 

The Invention will now be illustrated by the following examples without restricting it 
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2 5 kg of glycerol and 12.S9 of Polysorbate 80 are dissolved in 1 00 liters of water for iniections. The 
solution IS fllteredihrougM filler with a^pore size of 0.2Mm. 25g of micronteed-dctesonWe Is added and. 
the susperision Is stirred for at least 1 hour in order to yIeW a honwgenoue suspension. The suspension 
is filled into glass vials. Each vial contains 2ml of the suspension. The vlate are sterilized wRhin an auto- 
clave at a temperature of 12rc for I5mln in the presence of saturated steam. 

5 kg of mannltol and 25g of Polysorbate 20 are dissolved in 1 00 liters of water for injections. The solu- 
tion 18 filtered through a filter with a pore size of 0.2pm. 5Gg of.micronized cldesonide Is added and the 
suspension is stirred for at least 1 hour in order to yield a homogenous suspension. The suspension is 
filled into glass vials. Each vial contains 2ml of the suspension. The vials is sterilized within an auto- 
clave at a terflperature of 12rc for 1Smin in the presence of saturated steam. 

^xamoteS 

5 5 kg Of glucose and 12.69 of TVIoxapol are dissolved IniOO liters of water for injections. The soiuton 
has been filtered through a filter with a poie size of 0.2Mm. 25g of mlcronized cldesonide is added and 
the suspension Is stirred tor at least 1 hour In order to yield a homogenous suspension. The suspension 
is filled into glass bottles containing each about 1 liter. The bottles are sterilized within an autoclave at a 
temperature of 12rc for 20min in the presence of saturated steam. After the sterilteatlon process the 
sterile suspension is filled in a fbmvfffl^eal process under aseptic conditions. The final product is com- 
posed of 2ml of the suspension in a fbrm-fill^l container nrrade from polyethylene or polypropytene. 

Steofmannitol and 25g of Polysorbate 20 are dissolved In 100 liters of water for injections. The pH of 
the solution is adjusted to pH 6 by addition of citric acid. The solution is filtered through a filter with a 
pore size of 0.2Mm. SOg of mlcronized cldesonide is added and the suspension is stimed for at least 1 
hour in order to yield a homogenous suspension. The suspension is filled into glass vials. Each vial 
contains 2ml of the suspension. The vials are sterilized within an aulndave at a temperature of 115«C 
for 40mln in the presence of saturated steam. 



Comparathyp PiBiinples 
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suspensions containing 0.050^ of mlc«,nized ciclesonld^^ 

PolyLrbate 80 (Formulation 11) or C«mophorRH40(Formula«on HI) 35 su^^^ 

suspensions have beon fined into glass vlals and have been sterilized by ino,sth^^^ 
^0^10 the steriteaBon and afte«^ntethea,« of the suspended ^^^^^ 

tfSf^ln (Particle sirer series 2600. Mah^ern. suspension diluted v«th Polysoibate 80 solution 0. % .n 
^^^t-onacco^.n.toP.unhofer.u.r.sou^ 

are pUnted in the table below. d10. dSO and d90 values in connection with th« invention m^n. that 
pies were shaken In order to resuspend sedimanted particles. 



Fonmutallon 



II 



Prior to steiliizafion 



dIO biml 



1.98 



dSOftim] 



III 



2.27 



2.05 



4,15 



4.74 
4.29 



d90 [pm] 



8.83 



9.32 



8.81 



After sterilization 
dIoM fdSO ipml 



13.53 



11.39 



10.37 



80.06 



d90 [|jml 



79.01 



74.05 



110.12 



109.92 
108.68 



A, indicated in tabte for all suspeasions an increase or parties WM des^ 
lase, cloaoad agolMtieratas of partWes have UMn vWble. 



:^,:.f,,,L(Fo™u«o„^0.«*o,n^(^-''*"^^^ 
M»nVD«."9.ntfbr«ll»s«n9m.osn,ola% In water tor ln|e=UH,= haval««^^ 

r«tln and aflJ^ .he o« of *a «»pa,-«. parses Ha, ^ n-^^ 

«=n (Ma.te,.-«r 2000, Malvern, suspension d«uW with wa«r, o.K«tel«n -xoniln, fo >»^^«^ 

JlvoHidexof suspended pa,«es1.52,.P*r.= ««n»a»™»^^ 

order to .«a.spe.«i sedlmentad partM... dIO. dSO and dHO wtee. P««nW -n thoBbl. belo«. 



Ponmulation 


Prior to sterilization 


After sterilization 




dlObJiTt] 


dSO [\im] 


d90 (pml 


dIOM 


dSO wm] 


d90 [pm] 


IV 


0.432 


2.357 


4.854 


1.260 


2.317 


3.980 


V 


0.447 


2.260 


4.638 


1248 


i281 


3.871 


VI 


0.461 


2.424 


4.943 


1.268 


2.713 


6.036 
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As Shown In the table Biere Is no significant Increase of the particle size when non-Ionic agents for ad- 
jiBling the osmolality are employed. The purity of cictesonlde in all formulations after flie sterilization 
analysed by HPLC was higher than 99.5% Indicating that the dmg sut>stance Is stable. 

Example 7 " — ~ 

Suspensions containing 0.05% of micronlzed dclesonide, 0.025% of Potysorbala 20 as suspending 
agent and 0.9% of sodium chloride (Fonrjulation I) as ionic agent for adjusting the osmolality or no Ionic 
agent at all (Formulation VII) have been prepared. The suspensions have been filled Into glass vials 
and have been sterilized by moist heat (121"C. 20mln). Prior to the sterilization and afterwards the size 
of the suspended partldea has been measured by laser diffraction (Maslerslzer 2000. Malvern, suspen- 
eion diluted with water, calculation according to Mie. assumed reftacfive Indwc of suspended particles 
1.62). Befbie the measurements the samples were shaken in order to resuspend sedimented particles. 
dIO, dSO and d90 values are presented in the table below. 



Formulation 


Prior to sterilization 


After steriilzat'on 


dlOtiim] 


dSO [(jm] 


d90 [pm] 


dlOIpm) dSQipm] |d90[pm] 


1 


0.382 


2.581 


5.623 


Large white agglornerates 


vn 


0.393 


2.508 


5.483 


1.259 1 2.268 1 3.887 



As shown in the table the suspension containing no loitic agent for adjusting the osmoiaii^ end not show 
any significant increase of the particle size after the sterillzaHon process. 

gfflmpleg 

In onJer to evaluate if ttte sterifized suspensions witfi non-ionic agents for adjusting the osmolality are 
stable wim rega-d to the particle size during storage, the partids size of the suspensions has been 
measured after 4 weeKs storage at room temperature. Befiwe the measurements the samples were 
shaken in order to resuspend sedimented parfioles. 



Ponnnulatlon 


Initial 


After 4 weeks storage 


dio im] 


d50 [\sm] 


d90 liim] 


dIOlpm] 


dSO bim] 


d90 bm] 


IV 


1.260 


2.317 


3.980 


1.349 


2.430 


4.087 


V 


1.248 


2.281 


3.871 


1.320 


2.374 


3.991 


VI 


1.268 


2.713 


6.036 


1.223 


2.727 


6.236 



No significant change of ttie particle size has been obsen/ed during the storage Indicative for the good 
stability of the suspension formulations. 



EiDPfangszeit i6-Dez- 11:24 



1245EPORD01 2003-12 02 



12 



Cidesonide suspensions containtng 0.05% of mfcronlzsd cidesonlde have been prepared by the 
method described in example 1 and 2. in addition, cftric add has been added to adjust be pH of the 
suspension. Prior to and after steriHzatfon the particle size of the samples has been measured by the 





"Prior tosterilizaUon 


After sterilization 






dIO 
tpm] 


d50 


d90 


d10 
iHm) 


d50 
[pmj 




Polysoibate 20 0.025% 
Mannifoi 6% 
Citric acid to pH 4 


0.455 


2.355 


4.894 


1.302 


2.806 




Polysofbate 20 0.025% 

Mannfloi5% 

Citric acid to pH 5 


0440 


2.351 


4.S10 


1.299 


2.636 


5.002 


Polysorbate 20 0.025% 

MannItol5% 

Citric acid to PH 6 


0.468 


2.471 


6.137 


1.266 


2.765 


6.785 


Polysorbate 20 0.025% 

Mannttol 5% 

pH 7, no citric acid 


QA75 


2.428 


S.033 


1.325 


2^9 


4.379 



As a result no significant change of the particle size after the sterireaBon process has been observed. 



Cidesonide suspensions containing 0.05% of micronlzed ddesonWe have been prepared by the 
method described in example 5 and 8. In addition, citric add buffers pH5 (citrto add /sodium dtrate) at 
various concentraflons have been added to the suspensions. PHor to and aflar sterillzalion the partide 
^ of the samples has been measured by the mettiod descnUed in example 6. 





Prior to sterilization 


After sterilization 


d10 
tpml 


dSO 


d90 
lljml 


dIO 
[pml 


dSO 
Ipml 


d90 
tljml 


Polysorbate 20 0.025% 
Mannitol 5% 

Citric add buffer 0.0001mol/i 


0A6S 


2.445 


5.041 


1J>50 


2.886 


9.170 
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Citric acid buffer O.QOlmoVI 


D.4B4 


2.545 


5.241 


1.2/0 1 


4479 


21.788 




■pSysorbate 20 0.025% 
'N)annltol5% . 
Citric acid buffer O.Oimol/l 


-0:468- 


-2:445 


5.041- 


1.527 


6.796 


47.779 





The measured particle sizes prior and 



tontheparildeeizeaf.eretent^tion.ncr^-1^"^^^^^ 
ering agents ere suscepfible to parUde grc^rth dunng the ster^lizat, 



that the suspensions containing Ionic bufT- 
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r^ifimarelaluBIHtf 

TT,e aqueous suspension of ddesonlde according to the Invention can be used tor the prophylaxis or 
trealmint of a clinical contfrtion in a mammalrsuch-as a-human (also-referred to as patient), for which.a_ 
glucocortlcostefold Is Indicated. Accordingly, the present Invention provides a method for the prophy 
laxis or treatment of a clinical condition In a mammal, such as a human, for which a glucocortlcoslerold 
Is indicated. >whlch compiises administration of a therapeuUcally effactive amount of an aqueous sus- 
pension of ddesonlde, In particular a sterile aqueous suspension of ddesonlde according to the Inven- 
tion. 

The aqueous suspension of ddesonlde according to the Invention is particularly suitable In the prophy- 
la>dsand/or treatment of respiratory diseases. Respiratory disease according to the Invention indudes 
in particular diseases assodated with inflammatoiy ainway diseases and/or leverslble airways ot)struo- 
tion such as asthma, nocturnal asthma, exerdsennduced asthma, chronic obstnicBye pulmonary dis- 
eases (COPO) (e. g. Chronic and wheezy bronchitis, emphysema), croup, respiratory tract intacUon and 
upper respiratory tract disease (e. g. rhinitis, such as anergic and seasonal rhinitis). 

The aqueous suspenslorw acooitling to the Invention are particularly suitable tor Intrapulmonal adminl- 
stralion In particular through administration by nebulization. The suspension may also be administered 
by any other suBablo route. For administration by nebulization the suspension according to the invention 
can be nebulized by means of suitable nebuHzer, for example a nebulizer connected to a compressor, 
(sjetnebullzer) (e.g. nebufeers: Pari LC star™. Pari LC plus™. Omron VC-m. sidestream MS 2400 
and 2200-™, Halollte~ Ctrculaire™ and compressors: eg Pari Pronebi** Ultra, DeVilbriss Pulmo Aide™. 
Medic Aid Portaneb-n- invacare Envoy»«. MPV Truma MlcroDrop^ and new generation nebulizers with 
different operation prindples (e. g. efloW™ by PARI. Omron U22 and Mlcreah^' by Omron. AeroNeb«« 
by Aerogen, TouchsprayT« by Odem, MIcrohaleT" by Pfeiffer). 

Administration by nebulization Is particularly sultaWe for the treatment of patients suffering flrom a respi- 
ratory disease and haVhg difficulties to correctly use other devices for inhalation sudi as Infants and 
young dtildren or elderiy being not able to handle DPIs and MDIs correctly. Preferably the patient m 
connection with the invention is a d^ild. Child In connection with the invention refers to a human below 
eighteen years (e.g. seventeen years, fifteen years, ten years, nine years, five yeare. two yeare. 8 
months ete.). Preferably child refers to a prei»ubertal human, and In particular to a human from 6 
months to 10 years of age, In particular 12 months to B yeare of age. 

The amount of ddesonlde, or a pharmaceutical acceptable salt, solvate or physiologically fUndional 
derivative thereof which is required to achieve a therapeutic effect will, of course, vary with the patient 
under treatment, and the particular disorder or disease being treated. Asa monotherapy, ddesonlde is 
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geneially administered to patients by Inhalatian at a daily dose of from O.OSmg to 2mg, preferably 0.1 
to img, vwhich can be administered In one or several doses. The dose Is preferably a daily dose and 
admftilslered once or twice dstfly. prefaiably once dally. A once daily dose may be administered any 
lime of the day. e.g. In the morning or preferably In the evening. The administration of a daily dose of 
-ciclesonide is-preferably part of a continuous treatmentregimen, preferably.a treatment period of more 
Oian one day, particularly preferably mors than one week, e.g. a two week treatment period, a one 
month treatment period, a one year treatment period or a Rfte long treabnent period. The dosage of 
each administration can be the same or varied throughout the continuous treatment rsgftnen. 

Further subject of the Invention is a drug product oompiising a sealed container containing an aqueous 
suspenston acconling to the invention and a label indieating administration by nebuliaation in a 
oonttiuous treatment leglmen. The conttf ner can be of any suitable Wnd, e.g. a form-fiB-aeal container 
made from polyethyl^te or polypropylene. 



EiDPfansszeit l6>Dez- 1):24 



124SEPOtlD01 2003'12 02 



16 



1 . Method for preparing a sterile aqueous suspension of cldesonWe suitable for nebulteation 
comprising the steps oft 

c. prowldlng an aqueous suspension of-ctelesonider containing one-or more phamnaceuh- 

cally acceptable exdplents, vtfhjch one or more excipients are ail non-Ionic exclplents; 
and 

d. autodaving the aqueous suspension piovided In (a). 

2. Method for preparing a sterile aqueous suspension of cldesonWe suitable for nebuHzatlon 

comprising ttw steps oR 

a providing an aqueous suspenstan of ddesonlde. containing at least one non-ionic 
agent for adiusting the osmolality and optionally forther pharmaceutically acceptable 
exdptents; and 
li. autodaving the aqueous suspension provided in (a). 

3 IWIethod according to daim 1 or 2, wherein dctesonide is selected from the group of [1 1 p.lBa- 
(R)l.16.174(cydQhexyImethylene)bls(oxy)h11-hydroxy.21K2-methyl-1-oxop^^ 
di6ne3!2(Wjone, mbdures of the compounds tlie,16ot(S)M6.17-Ktvdohexylmethylene)bla^ 
(oxy)>.11-hydro)(y-21-{2-methyl1-«<opropo)v)preana.1.4^lene-3^o^^^ and liip,l6a(R)h 
.ie.i74(cydohexylmethylene)bls(o)(y)hll-hydroxjh21-(2Hnethyl-1^ 
dlene3,2<Wlona in any desired mixing ratio: and mixtures of the compounds I1ip.l6a{S)h 

. i6,17H(cydohexylmethylene)bls(oxy)hl14iydroxy-21.(2-methyi1-oxopropoxy)pre^ 

1.4^lene.3.20^tone) and [iip.l6a(R)l-16.17-l{cyctohexylmethyIene)bis{oxy)h 11-hydroxy- 
.21-(2HnethyH-oxopropoxy)pregna.1.4^iene3^(Wione which essentially consist of R 

epimers. 

4 Method according to daim 1 or2. wheiBin ddesonide is selected fiom the group of ddesonlde, 
solvates of ddesonlde. physiologically fUndional deHvatives of ddesonlde, solvates of 
physldogfcally functional derivates and mljttures thereof. 

S. Method according to daim 4, wherein the physiologically functional derivative of ddesonide is 
• selected from the group of i6o,17-(22R).cyclohexylm6thylenedioxy-1 1|i.21-dihydroxy- 
pregna.1.4^iene-3.20.dlone.l6a.17-(22S)-cyclohexylmethylenedioxy.11p,2lHllhydrox^ 

p^na-1,4^ene^,20-dione, and mixtures thereof in any mixing ratio. 

8. Methodaccordingtoclaimi or2.wherelnthemeanpartlde6lzeofdde5onidelsle8sthan 
'[2\ui\, preferably frt>m1 to 7Mm,pr6ferably2to6Mm. particularly pref8raWy2to4iJm. 
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7 Method according to claim 2, vfhereln the non^onte agent Ibr adJusUng the osmolaW b se.ec 
■ lad ftom the group of mannltol. glycerol, glucose, lactose, trehalose, sucrose, propylene glycol, 
sorbitol, xyritol. polyethylene glycol, ethanol. Isopropanol. cydodextrins. demratwes of 
eydodextrines and mixlures thereof. 



8. Mett.od according to dalm 7. v«heroin the agent for adjusting the osmolality Is seled^d ftom the 
group of mannltol. glycerol, glucose and mixlures thereof. 

9. Method according to claim 1. whe.«ln the suitable exdplents ar« selected ftom the group of 
agents for adjusting osmoIaBly. suspending agents, agents fbr modllylng the pH of the sue- 
pension, dielattng agents, preservatives and mbdures thensof. 

10 Method according to daim 2. wherein the suitable exclpfents are seleded from the group of 
' suspending agents, agents for modifying the pH of the suspension, chelating agents, presser- 
vaMves and mixbjres thereof. 

11. Method according to daim 10. wheiem sultabte exdplents are non*nte exolplents. 

12. Method accordlnglo daim 9or10. vi»hefeln an agentlbr modMVing the pH of the suspension is 
present as exclpients. which is an organic add selected from the group of citric add. tartano 
add, jacBc add and mixtures thereof. 

1 3 Method according to dalm 9 orl 0. ,«hereln the suspending agent is selected ftom the group of 
' potysorbates. tyloxapol, poloxamers. poloxamlnes. polyoxyethylena castor oil derhratlves. 
phospholipids. hydroxypropylmethylceBulose. hydroxypropylcellulose. hydroxyelhylcellulose. 
methylcellulose. polyvlnylpyirolidone. polyvlnyialcohol and mixtures thereof. 

14. Method according to claim 13. virherein the suspending agents are polyoxyemylene sorbltan 
f^tiy add esters (polysorbale). 

15. Method according to dalm 1. comprising the steps of 

a. dissolving the non-ionic exdplents or exdplents in water, 

b. optionally filtering the solution; 

a homogeneously suspending ddesonlda within the solution and 

d. autodavlng the aqueous suspension provided In (c). 

16. Method according to daim 2. comprising the steps of 
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a. dlssoMna the noivionJc agent for adjusting the osmolaHty and optionally other 

excipfents In water; 

b. optionally filtering the sotutfon: 

c. homogeneously suspending deiesonlde within the solution; and 
-d—autoclavlngiha aqueous suspension provided ln-(o)»— — 

17. Method according to any of the preceding claims, wherein autodavlng is carried out at a 
temperature above dO'C. 

18. Method accoidlns to daim 17. wherein autoolaving Is carried out at a temperature above 120- 
C. 

19. Method accoidhg to dahn 17. wherein autodavlng Is carried out at 121«C for at least 15 
minutes- 

20 sterile aqueous suspension of ciclesonide suitable for nebullratlon containing one or mote 
pharmaceuticany acceptable exdplents, whi* one or more exdpients are ail non^onte 
^dpients. 

21 Sterile aqueous suspension of ddesonlde suitable for nebulization containing at least one non- 
Ionic agent for adjusting the osmolality and optfonally further pharmaceufioally acceptable 
^dpients. 

22 Sterile aqueous suspension according to daim 20 or21, wherein the mean partide size of 
ddesonlde is less than 12pm. preferably ttom 0.1 to 8pm. preferably 1 to 6pm. paitloulariy 
preferably 2 to Apm. 

23 Sterile aqueous suspension according to da|m 21 . wherein the non-ionic agent for adjusting the 
■ osmOlallly Is selected from the group of mannitoi. glycerol, glucose, ladose. trehalose, sucrose. 

propylene glycol, sorbitol, xylltol. polyethylene glycol, ethanol. Isopropanol. cyclodextrins. 
derivatives of ^dodextrinea and mbclures thereof. 

24 st6flleaqueoussuspensionaccoidingtodalm23.whereintheagentforadJU8tlngthe • 
* osmolality Is selected from the group of mannltel. glycerol, glucose and mixtures thereof. 

25 Sterile aqueous suspension according to daim 20. wherein the suitable exoiplenls are selected 
' from the gi«up of agents for adjusting osmolality, suspending agents, agents fbr modiiymg the 

pH of the suspension, chelating agents, preservatives and mbctures thereof. 
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26 Sterile aqueous suspension according to dalm 21, Wherein ihe suitable exciptents are selected 
from the group of auapendlrig agents, agents for modaying the pH of the suspension, oheiatir^g 
agents, preserwthres and mixtures thereof. . 

- -27. -Stsrilffequeous-suspenston accorting to claim 21. wherete-suttable-exeipients ar^ noodftnic 
exdpients. 

28 Sterile aqueous suspension according to claim 25 or 26. wherein an agents for modifying the 
PH of the suspension is present as exciplents which Is an organic add selected from the group 
of dtric acid, tarlario add. lacHc add and mbdures thereof. 

29. Sterile aqueous suspension according to daim 26 or 26. Wherein the suspending agent is 
selected Itom the group of pojysorbates, tyloxapol. poloxamers, poloxamlnes. polyoxyethylene 
casloroB derivatives, phospholipids, hydroxypropylmethylcellulose, hydroxypropylcellulose, 
hydroxyethyloeUulose. methylcellulose. polyvinylpyrrolidone, polyvlnylaicohol and mixtures 
thereof. 

30. Sterile aqueous suspension according to dalm 29, wherein the suspending agents polysoitat 
are polyoxyethylene sorbitan fatly add esters (polysorbate). 

31 Aqueous supenslon of ddesonlde fbr administration by nebulization, wherein the concentration 
of ddesonlde within the suspension for nebulization is in the range of 0.005% to 0.5% iwN) 
(i.& 0.05 mg/ml to smg/ml). 

32 Aqueous suspension according to dafm 20. 21 or 31, wherein the mean partide size of 
ddesonlde Is less than 12Hm. preferably from 0.1 to 8pm. prefsiably 1 to Sum. parflcularty 
preferably 2 to 4|jm. 

33. Aqueous suspension of ddesonlde according to dalm 31, which is a sterile suspension. 

34. Aqueous suspension of ddesonlde according to daim 31. which Is a fomiulation according to 
dalm 20 or 21. 

35 Method for the prophyla»s or treatment of a dinlcal condition m a patient tor whldi a 

glucoeorticosteroid is indicated, whi* comprises administnatlon of a therapeutically effoctwe 
amount of asterfle aqueous suspension of ddesonlde accordingtodaim 20. 21 or31. 
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36. Method accoRJlng to dalm 3S, wherein the cBnteal condition is asthma the patient <s a child and 
the treatment Is a continuous treatment regimen and the sterile aqueous suspension of 
cictesonlde Is administered by nebuVization. 

37. DnJg-iTOdffcrcomprieing a sealed container containing a sterile aqueous-suspsnaten according 
to claim 20. 21 or 31, and a lat>el indicating administration by nebulization In a continuous 
treatment regimen. 
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treatment of respiratory diseases. 
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